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para la supervivencia y recuperación de las especies. Algunos países requieren legalmente que se identifique y proteja el hábitat crítico de las especies enlistadas como amenazadas o en peligro. Sin embargo, existe poca evidencia que sugiera que la identificación del hábitat crítico haya tenido mucho impacto sobre la recuperación de especies. Planteamos la hipótesis de que esto tal vez se debe, por lo menos en parte, a una discordancia entre el intento de identificar al hábitat crítico, que es proteger el hábitat suficiente para la persistencia y recuperación de la especie, y su puesta en práctica. Usamos el análisis de contenido para revisar sistemáticamente documentos de hábitat crítico de los Estados Unidos, Canadá y Australia. Identificamos en particular a las principales tendencias de tipo de información usada para identificar hábitats críticos y a las de ocupación de hábitats identificados como críticos. La información sobre la viabilidad de la población se usó para identificar el hábitat crítico de solamente el 1% de las especies revisadas, y para la mayoría de las especies, el hábitat crítico designado no incluía hábitats desocupados. Sin referencias de viabilidad de población, es difícil determinar cuánto del hábitat ocupado y desocupado de una especie se necesitará para la persistencia. Por eso concluimos que la identificación del hábitat crítico sigue siendo inconsistente con el objetivo de proteger el hábitat suficiente para asegurar la persistencia y recuperación de la especie. Asegurar

Introduction
Habitat protection plays a central role in the conservation of biodiversity. In recognition of this, endangered species legislation in a number of countries, such as the United States, Australia, and Canada, provides protection for the portion of a species' habitat considered "essential to the conservation" (Endangered Species Act of 1973 [ESA] , 16 USC § § 1531-1544, 2013), "critical to survival" (Environment Protection and Biodiversity Conservation Act 1999 [EPBC] [Cth]), or "necessary for the survival or recovery" (Species at Risk Act [SARA] , SC 2002, c 29) of listed threatened and endangered species. Referred to as critical habitat, these areas are typically protected by prohibiting activities that may result in "adverse modification" of or that may "significantly damage" or "destroy any part of" the critical habitat.
Before critical habitat can be protected, however, it must be identified and legally designated. To improve scientific validity and consistency with the underlying intent of critical habitat designation, biologists recommend that critical habitat be defined operationally as the habitat required to ensure the persistence of a species or population (Murphy & Noon 1991; Hall et al. 1997; Rosenfeld & Hatfield 2006) . In this sense, critical habitat is the minimum subset required for persistence (Rosenfeld & Hatfield 2006) , and changes in habitat quality outside critical habitat should have relatively less impact on species persistence. Based on this definition, the primary criteria for identifying critical habitat should be species persistence, as evaluated in terms of the acceptable threshold extinction risk, population size, or number of patches needed to achieve viable populations over a specified time horizon (Reed et al. 2006; Rosenfeld & Hatfield 2006) . These thresholds and time horizons may be based on predetermined criteria for classifying species as at risk of extinction, such as those used for the International Union for Conservation of Nature's (IUCN) Red List of Threatened Species (IUCN 2012 ). In the absence of spatially explicit assessments of population viability over time, estimates of minimum viable population sizes (Shaffer 1981; Traill et al. 2007 ) may also be used to determine threshold values. In addition, species-specific targets for achieving species recovery or delisting, as determined during recovery planning (Reed et al. 2006; Rosenfeld & Hatfield 2006) , may be used instead as interim goals when the information needed to assess population viability is not yet available.
By using contribution to species persistence to identify critical habitat, the quality, size, and spatial configuration of areas required to achieve and maintain longterm species persistence can be determined (Reed et al. 2006; Rosenfeld & Hatfield 2006) . For most threatened and endangered species, these areas include suitable but currently unoccupied sites needed for recovery, where recovery refers to some increase in population size or improvement in the status of the species necessary to achieve long-term persistence. Habitat availability is an important factor in determining population size for many species (Fahrig & Merriam 1994; Hanski 1998; Flather & Bevers 2002) . However, in metapopulations, some fraction of the total habitat remains unoccupied at any given time due to local extinction and colonization processes (Thomas & Kunin 1999) . Unoccupied habitat, therefore, plays an essential role in population persistence. Protection of currently unoccupied habitat ensures that these areas remain available in the future for recolonization, either through natural processes or through species reintroductions (Kleiman 1989; Hanski 1998; Rosenfeld & Hatfield 2006) . In some cases, inclusion of unoccupied and degraded habitat for future restoration may also be necessary (Huxel & Hastings 1999) , particularly where habitat loss and degradation have been the primary causes of a species' decline.
Evidence for the effectiveness of critical habitat designation to date has been mixed (Schwartz 2008; Gibbs & Currie 2012) . Two previous studies revealed a positive correlation between designation of critical habitat in the United States and the likelihood that the population trend of a species is stable or improving (Rachlinski 1997; Taylor et al. 2005 ). However, neither study accounted for the influence of government spending on species recovery (Kerkvliet & Langpap 2007) . When estimates of species-specific government spending were included, critical habitat designation under the ESA did not appear to have a significant effect on recovery (e.g., Male & Bean 2005; Kerkvliet & Langpap 2007; Gibbs & Currie 2012 is due at least partly to the mismatch between its intent and actual practice. However, despite extensive debates on the legal and economic implications of critical habitat designation (e.g., Darin 2000; Sinden 2004; Owen 2012) , its effectiveness on species recovery (e.g., Clark et al. 2002; Taylor et al. 2005; Gibbs & Currie 2012) , and the factors influencing the likelihood of designation or use of biological criteria (e.g., Hoekstra et al. 2002; Hodges & Elder 2008; Taylor & Pinkus 2013) , we are unaware of previous studies that reviewed the practice of critical habitat identification itself. To address this knowledge gap, we reviewed species recovery plans and regulatory documents that describe how critical habitats were identified in the United States, which has the longest history of critical habitat identification for threatened and endangered species, and Australia and Canada, both of which have adopted legal provisions for critical habitat similar to those of the United States. In particular, we determined the frequency that predictions of species persistence were used to identify critical habitats and the extent to which both occupied and unoccupied habitats were included as part of critical habitat. We aimed to determine whether the practice of critical habitat identification is consistent with its intent and considered the potential implications of our findings for the effectiveness of critical habitat identification.
Methods
To examine current practices in critical habitat identification, we conducted a systematic review of official documents that identify and describe critical habitat for individual species. We used content analysis to extract the relevant information from the documents on how critical habitat was identified. Content analysis is used widely in the social sciences and humanities (Krippendorff 2004) and in health sciences research (Hsieh & Shannon 2005) to analyze the content of text documents for the purpose of making inferences (Krippendorff 2004) . More recently, content analysis and related techniques have been used in ecology and conservation to review and classify information from texts such as scientific literature, survey questionnaires, or interview transcripts (e.g., Bottrill et al. 2011; Fischer & Onyango 2012; Martin et al. 2012a ). For instance, content analysis was used to extract information on the objectives, implementation, and outcomes of terrestrial conservation projects in Samoa (Bottrill et al. 2011) . Similarly, a study of the global distribution and context of terrestrial ecological studies included a content analysis of site descriptions, provided in the methods sections of reviewed papers, to categorize field sites into one of 3 different types (Martin et al. 2012a) .
The classification of information from documents is achieved through the process of coding, which assigns a code-a word or a short phrase-that captures the essence or attribute of a particular unit of text (Saldana 2009 ). Clear definitions for each code and a set of instructions or decision rules must be developed to guide the consistent and repeatable classification of the textual data (White & Marsh 2006) . Codes that share similar attributes or address the same issue may then be grouped into larger categories, which may be further organized into broader themes or concepts (Saldana 2009 ).
We used emergent coding (Haney et al. 1998 ), guided by foreshadowing or open research questions (White & Marsh 2006) , to develop codes that describe and classify information in the reviewed documents. In emergent coding, codes and categories are established following some preliminary examination of the texts (Haney et al. 1998) . To do this, we selected a random sample of listed species from each country. A single coder reviewed the critical habitat documents for these species, with particular focus on developing codes to classify the type of information critical habitat identification was based on, the occupancy of sites identified as critical habitat, and the criterion used to select the subset of habitat identified as critical. The codes were refined by conducting another review of the documents, this time classifying texts with the codes developed and revising the definitions of each code as needed to improve the consistency or reliability of classification. We repeated this process with the same sample set until we were reasonably confident of the consistency of the resulting classification. The final list of codes and their definitions used in the content analysis are available in Supporting Information.
Once the coding scheme was developed, we selected a larger sample of species for the formal content analysis than was used for the preliminary review. For each country, 15 species from each of the major taxonomic groups (mammals, birds, reptiles and amphibians, fishes, invertebrates, and plants) were randomly selected. For groups with <15 species for which critical habitat had been identified, all species in the group were included in the review. We limited the selection to species with publicly available critical habitat documents published between 2003 and 2012 to reduce potential biases related to changes in regulatory practice in the United States and improvements in data collection and analyses capabilities. This period also corresponds to when information on species' critical habitats began to appear in recovery plans in Canada and Australia. Critical habitat documents consisted of proposed and final rules for critical habitat designation published in the U.S. Federal Register (USFWS 2013a), Canadian recovery strategies and action plans with information on critical habitats (Government of Canada 2012), and Australian recovery plans identifying the habitats critical to species survival (Department of the Environment 2013). In total, critical habitat documents for 218 species-90 from the United States, 78 from Australia, and 50 from Canada-were included in
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We conducted the formal content analysis by reviewing the documents and assigning codes to classify different categories of information about critical habitats based on our coding scheme (Supporting Information). In addition to reviewing the critical habitat narrative, we also recorded information about the taxonomic group (taxa), geographic range (extent), distribution (distribution), movement (dispersal), specificity of habitat requirements (specificity), primary threats (threat), and conservation status (status) of the species, as well as the country of designation (country) and the existence of prior court rulings or settlements on critical habitat designation (litigation), to determine whether these attributes affected how critical habitats were identified (Supporting Information). We selected these potential covariates based on previous studies that reviewed the influence of taxonomic group, species distributions, degree of threat, recovery potential, and court-ordered status on the likelihood of critical habitat designation or on the types of criteria used in designation (Hodges & Elder 2008) .
We used ensembles of classification trees to evaluate the relative influence of potential covariates on the types of information used to identify critical habitats, which were re-classified into 2 categories for this analysis: occurrence data, which includes species occurrence and habitat feature information, and model-based data, consisting of habitat quality, spatial structure, minimum viable population size, and spatially explicit population viability information (Table 1) . We also determined the relative influence of covariates on the inclusion of unoccupied habitat as part of the species' critical habitat. Ensemble methods, such as bagging (Breiman 1996) or random forests (Cutler et al. 2007) , provide an alternative to some traditional parametric approaches because they are not based on assumptions about the distribution of predictor or response variables and can be used to model more complex interactions with a greater number of predictor variables (Cutler et al. 2007 ). In these approaches, classification or regression trees are used to explain the variation in the response variable through recursive partitioning, that is, by repeatedly splitting the data into increasingly homogeneous groups based on different categories or values of the predictor variables (De'ath & Fabricius 2000) . Ensemble methods then combine many trees to improve the accuracy and stability of classification (Breiman 2001) and provide a measure of the relative importance of predictor variables in accurately predicting the observed result (Cutler et al. 2007 ).
We used a conditional permutation scheme, which reduces selection bias for correlated predictors (Strobl et al. 2008) , to aggregate multiple classification trees and evaluate variable importance. The conditional importance of each variable was estimated in R version 2.15.3 (R Core Team 2013) with the cforest function available in the "party" package (Hothorn et al. 2006; Strobl et al. 2008) . To parameterize the function, we set ntree = 2000 (number of conditional inference trees in the forest) and mtry = 3 (number of randomly preselected splitting variables), which corresponds with √ p, where p is the number of predictors included in the model. Once influential variables were identified, we used contingency tables and mosaic plots to explore the relationship between each influential variable and how critical habitat was identified.
To assess the reliability of content analysis, 2 additional coders used the coding scheme we developed (Supporting Information) to perform the content analysis independently on 50 of the 218 species. The independent data sets generated by the 2 additional coders, in combination with the original data set for the same 50 species, were used to evaluate intercoder reliability of each category with Krippendorff's agreement coefficient α (Krippendorff 2004) . We examined the sensitivity of our results to differences in how coders classified information from critical habitat documents by comparing the coding frequencies obtained by each coder. We also evaluated the relative influence of potential covariates separately for each data set to determine how uncertainty in the content analysis may have influenced the identification of important variables. One of the data sets did not have sufficient frequencies in one or more of the categories assessed for this analysis, and therefore, only 2 data sets were analyzed.
Results
The contribution of habitat to species persistence, as evaluated with either minimum viable population sizes or spatially explicit population viability, was used to identify critical habitat for 3 of 218 species (Table 1) . In contrast, species occurrence and habitat features were used to identify critical habitat for a majority of species, while additional information on habitat quality or spatial structure was used for around 8% of species (Table 1) . Taxonomic group influenced this finding, based on estimates of the conditional variable importance (Fig. 1) . Contingency tables and mosaic plots revealed that data on known occurrences of species or habitat features were used relatively more often for invertebrates, fishes, and herpetofauna than for plants, birds, and mammals (Fig. 2) . Other variables that influenced the information used for critical habitat identification included country and previous litigation (Fig. 1) . Occurrence-based identification was used more frequently in Australia and Canada (Fig. 2) , whereas in the United States, it was used relatively more often when there has been no previous court ruling or settlement regarding critical habitat designation (Fig. 2) . Critical habitat identification included unoccupied habitat for about 28% of the species we reviewed (Table 1 ). The inclusion of unoccupied habitat in critical habitat identification appeared to be influenced primarily by the dispersal ability of the species (Fig. 1) likely to include unoccupied habitat (Fig. 3) . Taxonomic group and the country of designation also influenced the inclusion of unoccupied sites as critical habitat (Fig. 1 ). Plants were relatively more likely to have unoccupied critical habitat identified than invertebrates (even once movement abilities were accounted for), whereas wideranging birds and mammals were more likely than other vertebrate taxa to have critical habitats consisting only of known occupied sites (Fig. 3) . Species in Canada were also less likely to have unoccupied habitats recognized as part of designated critical habitat (Fig. 3) . In general, α-agreement values ranged from 0.17 to 0.50 (Table 1) , indicating greater than chance agreement. Reliability values for the content analysis were lower than the recommended minimum threshold value of 0.667 (Krippendorff 2004) , reflecting the difficulties experienced by the coders in identifying and interpreting critical habitat information. In particular, it was not always clearly stated whether any unoccupied habitat had been included in critical habitat and what decision rules were used to select areas for inclusion. However, for the relevant categories-the information type used in critical habitat identification and the inclusion of unoccupied habitats-we considered, similar results were obtained when data generated by each coder were analyzed separately. For instance, content analysis results from each of the 3 coders all indicated that information on occurrence and habitat features were used more often to identify critical habitat than other data types (Table 1) . Similarly, all 3 coders reported that unoccupied habitats were more likely to be excluded than included as part of critical habitat (Table 1) . Despite variation in the conditional importance scores, the set of covariates ranked as influential was also similar across 2 different data sets (Fig. 4) . These results would suggest that the general trends identified are somewhat robust to low intercoder reliability.
Discussion Limited Role of Species Persistence in Critical Habitat Identification
Using species persistence as the criterion to identify critical habitat requires information about the amount and quality of habitats, the relationship between habitat and population viability, the target population size or distribution needed for long-term population viability, and the amount and location of habitat needed to achieve the desired targets (Pulliam & Danielson 1991; Rosenfeld & Hatfield 2006) . However, these data may not be available for most threatened and endangered species (Neel et al. 2012) , resulting in the use of less rigorous criteria (Reed et al. 2006 ) and therefore a limited role for species persistence in critical habitat identification.
Our results indicate that data limitation may be the main reason for inadequate identification of critical habitat. For instance, critical habitat for most of the species reviewed was identified primarily on the basis of known locations of populations or particular habitat features. Relatively few species' critical habitats were identified using habitat suitability models, knowledge of spatial structure, or estimates of population viability, all of which require additional data on population size, population processes, and habitat requirements (Akçakaya & Sjögren-Gulve 2000; Guisan et al. 2013 ). The influence of taxonomic group on the types of data used also reflected the differences in the amount and quality of information available for each group. Critical habitat for plants, birds, and mammals, which have been relatively well studied, were more likely to be identified using additional information on habitat spatial structure, habitat quality, or population viability. Previous studies have proposed similar explanations for the taxonomic bias in the frequency of designation and the application of biological criteria to critical habitat identification (Hodges & Elder 2008) , although these differences may also be due in part to the higher public profile of these species or real biological differences among taxa. The desire to minimize potential conflicts, particularly in the form of legal challenges, may have also had an influence on critical habitat identification. We found that critical habitat identification for species for which there had been litigation over critical habitat was more likely to be based on the most information-heavy and rigorous approaches to identify habitat for inclusion. This finding corresponds with those of Hodges and Elder (2008) , who found that a greater number of biological criteria were considered in critical habitat identification for court-ordered designations. We believe this correlation reflects the need for greater clarity and scientific rigor in identifying critical habitat when designation is likely to be challenged in court Hodges & Elder 2008) . For instance, the only species in the review for which critical habitat was identified with explicit reference to population viability was the Northern Spotted Owl (Strix occidentalis caurina), which has been the subject of considerable controversy in the United States since its listing in 1990 (USFWS 2012).
Designation of Unoccupied Habitat
Without reference to population viability or other interim recovery goals, it is difficult to determine how much habitat is critical for long-term persistence, including the proportion of unoccupied habitat that might be required for recovery. It is, therefore, perhaps unsurprising that critical habitat designation for most species reviewed did not include unoccupied habitat. Excluding unoccupied habitat from designated critical habitat is likely to hinder species recovery when recovery depends on species reintroduction into, or colonization of, currently unoccupied areas. For instance, recovery of black-footed ferrets (Mustela nigripes) in the United States, from 18 wild individuals in the 1980s to at least 362 breeding adults in 2012, was achieved through the successful reintroduction of captive bred individuals into unoccupied habitat with sufficient prey density (USFWS 2013b). The availability of suitable reintroduction sites for black-footed ferrets is considered a limiting factor of recovery (USFWS 2013b) . Down listing of this species is thought to be feasible with successful reintroduction to 6 sites over the next 10 years (USFWS 2013b). Delisting will require successful reintroduction to 20 additional sites over the next 20 years (USFWS 2013b) .
Given that mobile species may be more likely to use currently unoccupied habitat over the short term, it is surprising that unoccupied habitat was less frequently included in critical habitat for these species. We believe this trend is also a consequence of limited data and the desire to minimize potential conflicts. For wideranging species, information on population dynamics and habitat requirements may be more difficult to determine, and justifying the need to protect unoccupied habitat is challenging. In addition, critical habitats of wide-ranging species are more likely to encompass larger areas and multiple jurisdictions, resulting in greater potential for conflict with landowners and other stakeholders who may be affected by designation.
Effectiveness of Critical Habitat Identification
Over the past 10 years, the identification of critical habitat for threatened species has been inconsistent with its underlying intent-to protect habitat essential for persistence. In particular, targets for species persistence, such as threshold extinction risks, minimum viable population sizes, or delisting and recovery goals, were used to identify critical habitat for a small proportion of species in our review. In addition, unoccupied habitat was included as part of critical habitat for less than onethird of the species we considered. Hence, whether the identified critical habitat is sufficient to achieve species persistence or other recovery goals is unclear. Without reference to population viability or other recovery targets, it is difficult to determine how much of a species' habitat will be required. This mismatch between the intent and actual practice poses a challenge to the effectiveness of critical habitat identification: lack of explicit consideration for population viability or recovery targets, as well as bias against including unoccupied habitat, may result in failure to identify and protect enough habitat for the recovery and long-term persistence of the species. Bridging the gap between the intent and practice of critical habitat identification should help improve its impact on species recovery by ensuring that sufficient habitat is protected in the right locations. Accurately identifying critical habitat can also provide greater certainty to landowners and other stakeholders by explicitly mapping areas wherein damage or destruction must be avoided. However, budget considerations and mandatory timelines in some jurisdictions often place a limit on the amount of time or money that can be spent improving the accuracy of designation (Darin 2000) . Calls for timely protection of habitat from further destruction or degradation (Possingham et al. 2007 ) and the need to take advantage of transient conservation opportunities (Knight & Cowling 2007; Martin et al. 2012b ) also mean that decisions on critical habitat often need to be made in the absence of perfect information. In short, there is a trade-off between maximizing the accuracy of designation and minimizing the potential for habitat loss and degradation over time, and the effectiveness of critical habitat designation on species recovery may depend not only on the accuracy but also on the timeliness of designation. Therefore, although critical habitat should initially be identified based on currently available information regardless of the quality of the data, it is also important to ensure that these designations are updated and refined as new information becomes available.
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The effectiveness of critical habitat designations, however, depends not just on where prohibitions against destruction or damage apply, but also on how strictly these prohibitions are enforced. Designation of critical habitat may not necessarily translate into adequate protection because legal critical habitat prohibitions typically apply only to federal lands in Canada (Mooers et al. 2010) or to actions regulated by federal agencies in the United States (Gibbs & Currie 2012) . In addition, political opposition and fear of negative public response to critical habitat designation, combined with the perception that designation provides little added benefit to species protection, may have also discouraged government agencies from fully enforcing the legal provisions to designate and protect critical habitat (e.g., Greenwald et al. 2012; Owen 2012; Taylor & Pinkus 2013) . Therefore, there is also a need to evaluate the implementation and enforcement of critical habitat protection before conclusions about the true impact of critical habitat designations on species recovery can be made. Ultimately, improving the effectiveness of critical habitat designation as a tool for species recovery will likely require decisive governance to ensure that both identification and protection of critical habitat are in line with the intent of the law-preventing extinctions and promoting species recovery.
